Environmental enrichment aims to improve the well-being of laboratory animals and provides an opportunity to improve experimental reliability and validity. Animals raised in more stimulating environments have improved learning and memory as well as more complex brain architecture. However, the effects of environmental enrichment on motor performance, anxiety and emotional development have been poorly studied. Moreover, most investigators studying the effects of enrichment provide extremely large and complex housing conditions to maximize the likelihood of finding effects. These situations are difficult to replicate across animal facilities and are not operationally practical. In this experiment, we investigated how simple, inexpensive disposable shelterstyle enrichment items alter behavior in C57Bl/6 and 129S6 mice. Breeding pairs were established in the presence of a Ketchum "Refuge", Shepherd Shack "Dome", or no enrichment. Offspring were assessed neurobehaviorally, either just after weaning (pre-adolescent, P22-P25), or as young adults (P60-P90). Major strain differences were observed in open field activity, elevated maze exploration, and Y-maze activity levels. The presence of the Refuge and/or Dome enrichment shelters significantly altered motor activity, coordination and some measures of anxiety. Mice housed in the presence of shelters were also less dominant than control mice in a tube test assay. Our experiments provide a detailed analysis of the effects of inexpensive and practical methods of housing enrichment on biobehavioral phenotypes in these two commonly used strains of laboratory mice, and suggest that the effects of these shelters on mouse neurobiology and behavior need to be rigorously analyzed before being adopted within vivariums.
Introduction
The primary aim of environmental enrichment is to meet the physical and psychological needs of laboratory animals in order to improve their well-being in captivity and generate species-appropriate biological and behavioral responses [1, 2] . Environmental factors, including bedding and nesting material, and the presence of objects to explore and/or gnaw upon, affect not only the health and welfare of laboratory mice [3] [4] [5] , but also experimental results [6] [7] [8] [9] [10] [11] [12] . Thus, it is also vital to consider the effects on the biomedical research at hand [13, 14] . For example, within neuroscience, environmental enrichment has been shown to affect a wide variety of responses, including exploratory behavior [6, 11, 15] , cognition [6, [16] [17] [18] , emotionality [12, 19, 20 ], brain neurochemistry [21, 22] , gene expression patterns [9] , stress resiliency [23] , and even responses to addictive drugs such as cocaine [9, 24, 25] . These data lead to understandable resistance by researchers to adopt even the most rudimentary forms of enrichment, such as nesting materials and shelters.
A limitation of the currently published work on this topic, however, is the fact that when enrichment is employed, laboratories typically use extremely complex environments (also known as "Mouse Disney World") for their enrichment strategy, in order to maximize its effects. These situations are difficult to replicate across facilities and are not operationally practical -it is virtually impossible to utilize such devices consistently through an animal use program. Furthermore, since non-standardized objects (e.g., toys) are often selected for addition to the cages, it is difficult, if not impossible, to compare results across facilities, or in some cases even across laboratories within the same institution.
Many types of simple enrichment devices have been used in the literature and are marketed commercially. We believe that in order for enrichment to be adopted widely, it must be standardized. Also, if any one type of enrichment device is to be used across laboratories and institutions, it needs to be simple, inexpensive and disposable. A recent study examined sleep in mice housed in the presence and absence of a very simple environmental shelter and found increased slow-wave sleep and reduced locomotor activity when a shelter was included with single-housed mice [26] . In the data reported here, we tested to what degree inclusion of simple, inexpensive and disposable enrichment devices (Ketchum "Refuges" and Shepherd Shack "Domes") altered behavior in two common strains of laboratory mice (wildtype 129S6/SvEvTac and C57Bl/6J). In this regard, many knockout and transgenic mice have been created in the 129S6/SvEv background, and are then extensively backcrossed to C57Bl/6J. We hypothesized that these devices would influence specific domains of neurobehavioral function, perhaps in a strain-dependent fashion. In fact, we observed significant effects of shelter inclusion, and these effects were often strain-dependent.
Our study suggests that great care and caution need to be exercised when selecting shelterstyle enrichment devices for laboratory mice being used in neurobehavioral studies. Tube test
Experimental procedures
The apparatus is a 30-cm-long, 3.5-cmdiameter clear acrylic tube with small acrylic funnels added to each end to facilitate entry into the tube [37] . On two separate days before testing, each mouse was exposed to the tube, with progress through the tube resulting in the mouse being returned to the home cage.
For the tube test bouts, male mice from the same strain, but from distinct enrichment conditions were placed at the opposite ends of the tube and released. A subject was declared a "winner" when its opponent backed out of the tube. Each mouse was tested against four to five individuals from other cages, with counterbalancing of which mouse was at each end to avoid position bias.
Forced swim test
Behavioral despair was assessed in the forced swim test using plastic cylinders (14.5 cm in diameter, 21 cm in height) filled approximately ¾ full with room temperature water [34, 36] .
Mice were individually placed into the cylinder for a 6 min test and were recorded on video for the duration of the test. After testing, the mice were placed into a heated cage to dry before returning to the home cage. 
Results

Elevated zero maze
The results of elevated maze testing at each Post-hoc comparisons indicated that these effects were largely driven by increased activity in mice housed in the presence of Refuges (Bonferroni corrected t-test p < 0.001). These effects normalized by adulthood ( Figure 3c and Figure 3g ). Analyses of data split into 5 min epochs revealed no additional effects of strain or shelter type (data not shown). 
Marble burying
The propensity of rodents to bury unknown objects, such as marbles, underneath cage bedding has been used previously as a screen for anxiety state and compulsive behaviors [38] .
We therefore next assessed marble burying in 
Forced swim test
Our final paradigm examined depressive-like behavior in a forced swim test (Figure 9 ). There were no effects of enrichment condition on this task, although 2-way ANOVA again revealed a significant effect of strain (F 1,65 = 12.57, p < 0.001), with 129 mice displaying increased immobility as compared to C57Bl/6 mice.
Discussion
We tested to what degree inclusion of simple, inexpensive and disposable enrichment devices in housing cages might alter behavior in two common strains of laboratory mice. We observed shelter device-induced modulation of behavior, often in age-and strain-dependent manners. Our study suggests that care and caution need to be exercised when selecting shelter-style enrichment devices for laboratory mice being used in neurobehavioral and neurobiological studies. Although in some cases the devices improve the dynamic range of assays, in other situations they may impede study design and may even not actually be beneficial for animal welfare. Based on these data, these relationships depend on the domains to be studied and the genetic background of the mice being assessed.
Our studies utilized a variety of measures of locomotor behavior and motor functions.
Maze-based tasks in our current study revealed subtle and task-specific impacts of housing trajectory [39] [40] [41] . In contrast, a study using more elaborate enrichment (large cages, wheels, swings, aspen houses, ladders, etc.)
found increased locomotion in both C57 and 129 mice when tested as adults [42] .
Motor coordination was assessed in adult mice using a rotarod. In C57 mice, the vary across these studies. We conclude that there are highly complex effects of the shelters on the expression of anxiety that appear to be assay specific and in some cases suggest enrichment-induced increases in anxiety, which has also been reported by at least two other groups [47, 48] . Our data thus do not support the conclusion that shelter enrichment uniformly decreases anxiety in laboratory mice.
Future work should consider even broader assessments of emotional reactivity, anxiety and anhedonia.
Spatial working memory was assessed using spontaneous alternation in a Y-maze. The lack of training needed and short duration of this task allowed us to employ it both in juvenile and adult cohorts. Somewhat surprisingly, juvenile C57 mice displayed a significantly lower percentage of spontaneous alternations when Figure 6 . Latency to fall off an accelerating rotarod was measured over 3 days. C57 mice (a) exhibited increased latency to fall off on days 1 and 2 when housed in the presence of shelters (* = p < 0.05 and ** = p < 0.01 by Bonferroni multiple comparison tests). 129 mice performed this task quite poorly (panels b and c) and Dome shelter housing further impaired baseline performance at day 1 ( @ = p < 0.05 as compared to Refuge). Analyses of all trials together again supported inferior performance by 129 mice as compared to C57 ( ## = p < 0.01), and also confirmed beneficial effects of Refuge shelters on performance in C57 mice (*** = p < 0.001). n = 14-24 mice per group. more dominant than those housed with enrichment (p < 0.05). n = 11-14 pairs of mice for each comparison. C57 mice housed with a Dome were more dominant over those with a Refuge, but in 129 mice the Refuge style led to dramatically increased dominance, demonstrating complex interactions between strain and exact enrichment style. Figure 9 . Graphs display immobility of C57 (a) and 129 (b) mice in the forced swim test. No significant differences of shelter were observed, although once again a strain difference was evident, with 129 mice showing greater depressivelike behavior. n = 11-12 mice per group. reared with environmental shelters, especially the Dome style. Although performance in this task can be affected by a variety of domains [49] [50] [51] , these data suggest that enrichment shelters may modestly impair spatial working memory in this task. This may be unique to these shelters, because a substantial literature suggesting that complex environments contribute to increased learning and memory [6, [16] [17] [18] 52] . It is thus likely that these shelters are not complex enough to support cognitive enhancements.
Social dominance assays also produced intriguing and unexpected results, with mice raised with no enrichment shelters being slightly more dominant over mice raised with the shelters (57-64% "wins" as compared to chance 50%). In the C57 strain, mice housed with the Refuges were less dominant than those with Domes (35%), but in 129 Refugehoused mice were dominant 95% of the time over Domes. A recent study using a much more complex enrichment procedure suggested increases in sociability and decreases in aggression in NMRI mice [53] . Our data are consistent with those findings. Additional work should consider focusing on social interaction and social preference following shelter enrichment, as other studies have found that certain types of environmental enrichment shelters can increase aggression in mice [54] [55] [56] [57] .
It is worth noting that our experimental design included the shelters throughout the lifetime of the experimental mice -from when their mothers were bred. We chose this procedure because for laboratories working in genetic models, it is likely that their cages always contain shelters, if they are being used at all. However, this does not capture the situation where mice may be acutely ordered in from a commercial vendor, and then housed in an environment quite distinct from earlier in life. Future studies will need to address factors such as whether there is a sensitive period for these types of effects [58, 59] .
In conclusion, we performed comprehensive neurobehavioral testing on C57 and 129 mice that were socially housed in the presence or absence of two specific styles of environmental shelters. Not surprisingly, we observed large strain differences between C57 and 129 mice [42, [60] [61] [62] [63] [64] . More remarkably, we observed significant effects of these simple devices on motor behavior and learning. The effects were more prevalent in juvenile mice, but several differences persisted into adulthood, such as a facilitation of motor performance in C57 mice on a rotarod. Many of the shelter effects were specific to one versus the other shelter, despite the fact that the Shepherd "Dome" and Ketchum "Refuge" look very similar to human observers. We recommend that investigators use care when deciding what types of enrichment to include in their studies, to use them consistently within colonies, and to expect genetic strain-dependent outcomes [42, 65] .
